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Objective: This ex vivo study evaluated the effect of pre-flaring and file size on the accuracy of the Root ZX and Novapex electronic apex locators (EALs). Material and 
methods: The actual working length (WL) was set 1 mm short of the apical foramen 
in the palatal root canals of 24 extracted maxillary molars. The teeth were embedded 
in an alginate mold, and two examiners performed the electronic measurements using 
#10, #15, and #20 K-files. The files were inserted into the root canals until the “0.0” or 
‘‘APEX’’ signals were observed on the LED or display screens for the Novapex and Root ZX, 
respectively, retracting to the 1.0 mark. The measurements were repeated after the pre-
flaring using the S1 and SX Pro-Taper instruments. Two measurements were performed 
for each condition and the means were used. Intra-class correlation coefficients (ICCs) 
were calculated to verify the intra- and inter-examiner agreement. The mean differences 
between the WL and electronic length values were analyzed by the three-way ANOVA test 
(p<0.05). Results: ICCs were high (>0.8) and the results demonstrated a similar accuracy 
for both EALs (p>0.05). Statistically significant accurate measurements were verified in 
the pre-flared canals, except for the Novapex using a #20 K-file. Conclusions: The tested 
EALs  showed acceptable accuracy, whereas the pre-flaring procedure revealed a more 
significant effect than the used file size .
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INTRODUCTION
The correct determination of the working length 
is an essential step during endodontic therapy. 
Although the radiographic method plays an 
important role in achieving acceptable root canal 
measurements, electronic apex locators (eALs) 
have been widely used for this purpose as well14. 
Several studies19,30,34 compared the accuracy of 
different models of eALs with radiographic root 
canal length determination and showed that the 
electronic methods provided the best results. In 
addition, the eALs have the advantage of reducing 
the number of radiographs required to establish the 
apical limit of root canal instrumentation in clinical 
practice11,23.
However, although the use of eALs is well 
established, predictable and reproducible electronic 
readings were only possible with the development 
of last generation devices14. Root ZX (J. Morita CO., 
Tokyo, Japan) and Novapex (Forum engineering 
Technologies Ltd., Rishon Lezion, Israel) are 
commercially available modern eALs that measure 
the impedance between the file tip and the root 
canal at different frequencies8,14. These eALs 
present satisfactory performance in the presence 
of blood, fluids, or irrigating solutions4,5,8,26,27 as 
well as during retreatment procedures1,13. A high 
accuracy rate of measurements that are 0.5-1 mm 
closer to the actual length are possible using these 
devices8,26.
Several factors may influence the accuracy of 
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the EALs, including the pre-flaring procedures5,19,32 
and the size of the measuring file related to the root 
canal and apical foramen dimensions4,9,10,17,18,22,30. 
Files inserted in pre-flared canals can easily reach 
the apical constriction, presenting a lower incidence 
of overextension than those placed in un-flared 
canals25. Moreover, some studies5,19 found that 
the pre-flaring procedure increased the accuracy 
of some eALs, although other authors32 reported 
divergent results. Measurements performed in 
the root canal with increasing diameters were 
inaccurate using small files10. Similar findings 
were observed when the apical constriction width 
had been increased9. On the contrary, other 
investigations verified that the accuracy of the 
electronic measurements do not depend on the file 
size utilized4,30, even when using small size files in 
enlarged root canals15,22. Recently, a critical apical 
foramen diameter of 0.8 mm was determined for 
an acceptable accuracy of the Root ZX using small 
size files17.
One reason that small size files can produce 
unstable and inaccurate measurements in wide 
canals is the exposition of a more metallic surface 
to the surrounding electrolyte30. These authors 
found an improved accuracy of some eALs using a 
#15 file when compared with a #10 file positioned 
directly at the major foramen. Large diameter 
files will fit more tightly, thus producing more 
accurate electronic measurements9. In this regard, 
pre-flaring facilitates a larger file size to reach 
the apical constriction, once it removes cervical 
dentin interferences31. Furthermore, this procedure 
establishes a more accurate relationship between 
the file size and anatomical foramen diameter25. 
However, limited information is available on the 
accuracy of eALs in wide root canals under both 
combined conditions (pre-flaring and file size).
The purpose of this ex vivo study was to 
evaluate the effect of pre-flaring and the size of 
the measuring file on the accuracy of the Root ZX 
and Novapex in the palatal root canals of extracted 
maxillary molars. The null hypothesis was that the 
accuracy of the two eALs will not be altered by the 
pre-flaring procedures or measuring file.
MATERIAL AND METhODS
The present study was approved by the Research 
ethics Committee of the State University of Montes 
Claros (Protocol number 506/2006).
Sample selection and preparation
Twenty-four extracted maxillary molars were 
selected after a radiographic examination. The 
following criteria were used for the tooth selection: 
well-preserved coronal and radicular structures, 
fully formed apices, and similar root lengths. 
Another criterion for selection was the accessibility 
of the apical foramen, with at least a #06 K-file 
(Dentsply-Maillefer, Ballaigues, Switzerland) in the 
palatal root canals, which is the focus of the study. 
exclusion criteria were the presence of metallic 
restorations and a root presenting resorption or 
fractures.
Coronal access to the teeth was initially 
performed with a #1557 tapered carbide bur 
(S.S. White Dental products, Rio de Janeiro, RJ, 
Brazil) at high speed and refined with an Endo-Z 
bur (Dentsply-Maillefer). The occlusal surfaces of 
the molars were sectioned using a diamond disc 
(Isomet, Buehler, evanstone, IL, USA) to expose a 
flat dentin surface. This procedure was performed to 
provide a stable and reproducible reference point for 
root canal measurements. The root apex was fixed 
in contact with a rigid plate to determine the actual 
work length. A #10 K-file with a rubber stop was 
inserted in the canal and advanced until the file tip 
met the rigid plate. Thus, the file tip was flush with 
the apical foramen16. At this moment, the rubber 
stop was adjusted to the chosen reference point, the 
file was removed, and a millimeter ruler (Dentsply-
Maillefer) was used to measure the verified length. 
From this measurement, 1 mm was subtracted to 
achieve the actual work length.
Electronic working length determination
The electronic working length was obtained 
using Root ZX or Novapex EALs and #10, #15, 
or #20 K-files (Dentsply-Malleifer). Thus, six 
experimental conditions were determined. An ex 
vivo experimental model based on a previous 
study5 was used. The teeth were immersed in a 
plastic box containing fresh alginate (Jeltrate II; 
Dentsply, Petropolis, RJ, Brazil). Two orifices were 
performed, one localized in the center of the box 
to permit the placement of the teeth and the other 
laterally to insert the lip electrode of the eALs. 
Before determining the electronic length, the root 
canals were irrigated with 1% sodium hypochlorite 
(NaOCl) solution. excess from the pulp chamber 
was removed with cotton pellets. The lip electrode 
was inserted in the respective orifice in contact 
with the alginate and the experimental condition 
file under evaluation was connected to the other 
electrode for the electronic measurements. For each 
EAL used, the file was inserted into the root canal 
until the “0.0” or ‘‘APeX’’ signals were observed on 
the LeD or display screens for the Novapex and Root 
ZX, respectively. The file was retracted until the 
LeD or display showed the 1-mm mark. A rubber 
stop was then adjusted to the reference level, and 
the distance between the rubber stop and the file 
was measured with an endodontic ruler (Dentsply-
Maillefer).
Another factor evaluated was the effect 
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of the pre-flaring procedure in the electronic 
measurements. Pre-flaring was performed by 
root canal enlargement from the cervical up to 
the middle third. An engine-driven instrument 
(X-Smart; Dentsply-Maillefer) with the S1 and SX 
ProTaper instruments (Dentsply-Maillefer) was 
used for this purpose. The S1 instrument was 
introduced into the canal until 3 mm from the 
previously determined working length. Afterward, 
the SX instrument was used with a brushing 
motion up to the middle third5. Irrigation with 
2 mL 1% NaOCl was performed after the use of 
each rotary instrument. Two measurements at 
three-week intervals were performed for each 
experimental condition, before and after the pre-
flaring procedures by two examiners (specialists in 
endodontics).The experimental design is described 
in Figure 1.
electronic measurements restricted to 1 mm 
short of the apical foramen or presenting ±0.5 mm 
of error variation were classified as precise and 
acceptable, respectively. Mistaken measurements 
were higher or lower than the acceptable values5.
Statistical analysis
The mean of the measurements of each eAL 
was used for the statistical analysis. The accuracy 
was calculated only on the stable measurements. 
Intra-class correlation coefficients (ICC) were used 
to verify the intra- and inter-examiner agreement. 
The mean differences between the actual length 
and electronic length values were analyzed by 
three-way ANOVA test with a significance level of 
5%. The factors evaluated were “EALs”, “size of file” 
and “presence of pre-flaring”.
RESULTS
The ICCs were generally high, ranging from 
0.872 to 0.964 (intra-examiner agreement) and 
0.806 to 0.896 (inter-examiner agreement).
Figure 2 displays the relative frequency of 
Figure 1- Experimental design
Figure 2- Relative frequency of precise, acceptable and mistaken measurements for each eletronic apex locator in un-
flared and pre-flared canals
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precise, acceptable and mistaken measurements 
for each eAL in the experimental conditions.
No significant differences were observed in 
the accuracy of both eALs when compared with 
the actual lengths. The pre-flaring procedure 
significantly (p<0.05) increased the accuracy of 
the measurements for the Root ZX, regardless 
of the file used. Similarly, the Novapex was more 
accurate after the pre-flaring, except with the #20 
K-file (Figure 3).
DISCUSSION
Due to continued dentine formation, the floor of 
the pulp chamber presents an increased thickness 
of dentine, resulting in a coronal constriction of 
the root canal space. The removal of this cervical 
interference by pre-flaring improved the accuracy 
of the work length and file size determination25,31. 
However, the pre-flaring of the root canals and 
measuring file characteristics are controversial 
topics related to the accuracy of the eALs. 
Considering these variables, the present study 
assessed the performance of the most widely 
investigated EAL, the Root-ZX, and a device that 
has received little attention in the literature, the 
Novapex. The results indicated that the pre-flaring 
procedure provided more accurate measurements 
in most cases. Conversely, the measurement file 
size has no significant impact on the accuracy of 
the measurements. Thus, the null hypothesis was 
rejected.
Ex vivo experimental methods for studying 
the accuracy of eALs often use electroconductive 
materials such as alginate, gelatine, agar, or saline 
media2-7,12,26,30. These embedding media may 
reproduce the impedance values of human tissues, 
thus simulating the clinical situation. However, some 
substances can leak through the apical foramen 
and cause premature readings2. Thus, protocols 
involving the use of alginate are reportedly 
more reliable and reproducible2,7,26. The relative 
stiffness, good electroconductive property, and 
gel consistency, which allow ions to circulate, are 
favorable characteristics of alginate that simulate 
the periodontal ligament2,26. For these reasons, 
the teeth were embedded in an alginate mold for 
electronic measurements in the present study.
Apical constriction is the generally accepted 
landmark of root canal instrumentation and 
obturation28. In this study, the length obtained 
via endodontic measurements was established as 
the gold standard. This working length has been 
determined under direct or microscopic visualization 
and subtracting 1 mm as soon as the measuring file 
was visible at the apical foramen5,6. Thus, the “0.0” 
mark in the Novapex and the “APeX” of the Root-
ZX displays with subsequent retracting to the 1.0 
mark were used as an apical endpoint. Although the 
1-mm mark of the eALs in most of the cases does 
not correspond to a measurement of 1 mm from the 
apical foramen33, one study15 found that subtracting 
only 0.5 mm resulted in file overextension when 
some eALs were used. Moreover, other studies3,5,20 
showed a high accuracy rate using the 1-mm mark 
of the Root ZX and Novapex devices, corroborating 
with the present findings.
Different accuracy ranges have been considered 
Figure 3- Mean differences (SD) between actual and electronic lengths according to the file size used in un-flared and 
pre-flared root canals. Different letters indicate significant differences (p<0.05) between each file size in the Root ZX and 
Novapex devices
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to evaluate the eALs within 0.5 mm and 1 
mm5,6,8,17,18,26,30. The Root ZX was able to measure 
the working length (±0.5 mm) in more than 97% 
of the cases by taking the apical foramen as a 
landmark for the actual length5,26. In another similar 
study, accurate measurements (±0.5 mm) were 
found in 89.7% and 82.1% of the cases using the 
Root ZX and Novapex, respectively8. Considering 
an error range  of 1 mm, the root canal length 
obtained using the Root ZX was accurate in 100% of 
the cases26. The high accuracy rates verified in the 
present study for both eALs, regardless of the tested 
experimental condition, supports the results of the 
cited investigations. However, it was not possible 
to attain accurate measurements in all of the cases 
in this study, even when considering a tolerance 
of ±1 mm. In addition, no cases of overextension 
were observed, which is consistent with another ex 
vivo study18, although other authors8 have reported 
overestimated measurements in 7.6% and 12.8% of 
the cases for the Root ZX and Novapex, respectively. 
Additional research parameters, including tooth 
type and file sizes used, can explain the divergent 
findings of the last mentioned investigation and 
those of the present study.
The hypothesis that the use of a larger file 
size (e.g. #20 K-file) could result in more suitable 
electronic length values in wide canals, such as 
the palatal root canals of the maxillary molars, 
was not confirmed. Other studies18,22 also verified 
that the size of the endodontic file does not need 
to be proportional to the size of the canal for 
predictability of the electronic measurements. This 
was demonstrated especially in apical root canal 
diameters smaller than 0.6 mm17,18. Considering 
that the anatomical dimension of the apical foramen 
in palatal canals is approximately 0.3 mm24, the 
results of this study concur with those previously 
described. Moreover, the wide range of apical 
diameters as well as the oval to flattened cross-
sections found in the palatal roots of human teeth 
can hinder even large size instruments to fit in the 
apical region24. Thus, such anatomical variations 
found between and within the palatal canals were 
possibly decisive factors for the similarity of the 
electronic measurements using different file sizes.
Nickel-titanium instruments like the ProTaper 
have been recommended for coronal pre-flaring, 
presenting a greater dentin cutting ability and 
safety during the preparation procedures29. In the 
present study, the use of the S1 and SX ProTaper 
instruments ensured a suitable enlargement of 
the cervical and middle thirds of the root canals, 
as previously verified5. Pre-flaring increased the 
efficiency of the Root ZX in the mandibular molars19 
and incisor5 canals, corroborating with the present 
data obtained in the palatal root canals of the 
maxillary molars. The accurate readings were also 
superior in the pre-flared canals for the Novapex 
using #10 and #15 K-files. A recent study21 showed 
that the accuracy of the Novapex increased after 
the pre-flaring of the incisor mandibular canals, but 
there was no significant difference compared with 
the un-flared canals. Equivalent performances of 
the Novapex and Root ZX could be expected using 
a #20 K-file in the pre-flared canals in the present 
study. However, this result was not confirmed, 
suggesting that the pre-flaring procedure associated 
with larger-sized files can produce different effects 
on the accuracy of the measurements, depending on 
the tested eAL. Further research will be developed 
to address this issue.
CONCLUSION
Within the limitations of this ex vivo study, it may 
be concluded that the Root ZX and Novapex EALs 
showed an acceptable accuracy in the palatal root 
canals of the maxillary molars. The cervical pre-
flaring presented significantly increased accuracy in 
the electronic measurements that the file size used.
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